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Titles 

A SOIaVENT EXTRACTION PROCESS FOR SEPARATING COBAI.T 
AND/OR NICKED FROM IMPURITIES IN LEACH SOLUTIONS 



The invention is described in the following statement 
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A Boxsvmv BxraACTiowf wrocebb for sbpmatxng cohai.'p and/or 

NICKBI, FROM JMBVRXTXBB IN LBAGH BOlXrVXOm. 



1?h« p^sent: Inyientlon xaXates tp a n^xoammm for ••parat^lng 
oolialt: and/or nickel £r«» otiier alwaoiittf cootsalnod in ml 
aqueous «oliit:ioa aueli aa an aq;uaous loach aolutlon, ood 
for raoovaring tha cobalt and/or nickel wbere deaired. 

Thm m>rld mineral induatxy ia axpariaaoing an 
unx»recedani:ad intereat: in nickel -cdmlt extract:ion from 
laterite orea through preaaure acid leach (fal) and 
aolv«at: aKbraotion - electrdwinning (SX-bnt) procesaea* xn 
Weatem Australia, three nickel laterite plants are in 
operation. These are the Cawse, Bulong and Wirrin Murrin 
niokel plants, in New Caledonia, the Ooro process has been 
tested in a large pilot plant, The FaSj process for these 
projects is vexir similar, however the down streani 
processes (especially ax) differ substantially. 

• 

in the Murrin Murrin proceaa, a sulphide precipitation is 
used to separate the nickel, cobalt, cc3n>ar and ainc from 
iinpurities such as calciusi, magnesium and manganese, which 
remain in the leach solution* After solids/liquid 
^^P^^t^^on, the nickel, cobalt, copper and zinc are re- 
leached under pressure with acid. Further solution 
purification is needed to separate nickel and cobalt from 
copper and sine. «che cobalt is then s^i^arated from nickel 
by solvent extraction with Qyanex 273. The nickel and 
cobalt are recovered by reduction with hydrogen. The 
drawbacks of the Murrin MOrrin process ares 
♦ The separation of manganese from cobalt by sulphide 
precipitation is incomplete and causes problems in the 



ssure and high 



The leaching of sulphides needs high pre 
teivarature, indicating high capital and 
costs . 
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m u/SbA 0«];>arat:lon of otlam ijBgpurit:i«is flnich. m coppair and 
zino from nlelxml, «uad oobttlt needs oepeutraLte proaefliiei«ia. 

In. the C&wsa procesii, a liardrocKlde preolpital;xoa ±9 used M 
5 eeparatie the lBipurlt:i#e eucb as oalcium, nagneel-uiA and 
nanganeBe (partly) • After solidj»/Xiquld separation, the 
nlokel/ cobalt, copper, xino and eome manoaneea are re- 
leached nrlth an amoniacal solution* Klckel and copper are 
separated from eoibalt and sine hy solvent extraction with 
10 IfXX84x. Further solution purification Is needed to 

separate nicleeX froon copper, axid c<d>alt from zino. The 
nickel is recovexred her electrovrinninsr while cobalt is 
precipitated as sulphide. a*he drat«!backs o£ the Cawse 
process are; 

15 m The use o£ magnesia as precipitation agent adds cost to 
opexratlon, 

• OAie use of amuoniacal leaching to separate mamganese 
from nickel and cobalt results in oooEopleacity of the 
flowsheet and causes serious problsons in the domistream 

20. processes, 

• The reductive stripping of cobalt from organic 
extractant and the re-oxdLmation of the organic 
extractant cause organic degradation, which in turn 
results in ccud foxmation, 

25 • Aanonia is ejipensive and the scrubbing and recovery of 
ammonia are difficulty 
m Cobalt product containing stinc is a semi-^produot, 
indicating revenue loss. 

30 The Bulong process uses a direct solvent extraction 

approach. Cobalt, copper, SEinc and manganese are separated 
from nickel, calciuai and magnesium by solvent extraction 
with Cyanex 373 • The nickel in the raf f inate is separated 
from calcium and magnesium by solvent extraction with 

35 Versatic 10 and then electroiron. The solution containing 
cobalt, copper, sine and manganese is subjected to 
sulphide precipitation, solids/ li<zuld separation and acid 

R:\mimii\k««pVeazilQ - VmJ9 " Ui. CO.ilDC 97/P7/P4 
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pre«#ur«i rv-laacli to mmpmntim cobalts , cc(pper and slue from 
xacuafffi«ii«se • TbM copper ±m «iXlinlnatoai from tlM solution lay 
Ion •accbango and arlnc 7yy aolvent extraction with D2SHPA. 
«tba cobalt la tben racoirared from tba purl£l«idi aolutlon by 
5 alfKstrowlnnlnsr* !r2ie drav^acka o£ tha Bulonsr procaaa ares 

• M MTi gan eae ia aeparated from cobalt by sul^idLde 
preclpltatloa and otlxer Itwurltlea are aeparated by 
different further proceaaea (Ion eacchanae and further 

10 * GypaxuN pxreclpitation occurti In both Cyanex 272 and 
Vereatlc 10 circuit a. 

Other proceaaea have been developed to varyingr eactenta for 
the direct aolvent extraction of nickel and cobalt, 
15 Including the Goro prooeaa. Such proceaaea suffer frooa 
varyiniir dlaadvantages, IncluddLng; 

• the need to rettiove coippar f rem the leach solution before 
it enters the eactraction circuit, thus requiring a large 
volume of the leach solution to pass through two 

20 circuits, 

• the requisTMisat for high acidity <6M KC1)# high 
temperature (60^C> and longer than uaual stripping time 
(5 minutes) to strip the nickel, cobalt and sine from 
the loaded organic aolution, 

25 • high coat in recovering and recycling the expensive HCl 
and further difficultiea aaaociated with corroalvenesa 
of the acid, and 

• the need to regenerate the organic extractant due to 
degradation of the extractant in the process. 

30 

Other processes can auf fer from difficulties in phase 
separation and lack of availability of c«tractanta or 
other agents rea:ulred for the process. 

35 Zt la an object of the invention to provide an alternative 
process for separating nickel and/or cobalt from other 
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gmnmary of the Xnv^fclon 

« 

Vhm praseat: invention broadly x>rovld«« a procMs £or Uia 
■•paratslon o£ nickwl, eobaU or- bo«:]x tram imparity 
elmtaatfli oorataixuid in m. Isacb <9olutl«m, thn procoss 
eoB«>ri«iBa tbe »««p of ■ubS.cting th* l«aeh .olution to 
solvane extraction laeiiiicr a carboacyllc aoid,- a 
aaid a kinetic accelerator. 

Tbm Bolveat extraction etep deaoribed above achieves 
tfood »«paration at (aomx, sine, ) nickel and cobalt 
present in the leach solution £rom oalolum, loaflaesiina, 
Banganese and chloride impurity elements which may be 
present, •iha kiaetio accelerator, such as tributyl 
Phosphate (OT) , enhances the stripping and extraction 
kinetics and thus makes the process particularly 
c(»maercially viable. 

According to a preferred endiodimentr the nickel, cobalt or 
both extracted into the organic phase during the solvent 
axtraction are recovered from the organic phase. As 
explained in the detailed description below, if both 
ecibalt and nickel are present in the organic phase in the 
appreciable quantities, they are separated fron each other 
and recovered separately in the subsaouent treatment 
vtagea . 

According to one embodiment, the recovery step cc_, 

selective stripping of the organic phase to separate th^ 
oobalt from the nickel. Whe cobalt may thereafter be 
recovered from the loaded aqueous strip liquor, and the 
nickel recovered from the selectively stripped organic 
solution by bulk stripping. 
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Brlog I>»a eriptlon of bh» Prwlnao 

WMk invention will ba doscarlbed i.a £urtlMr d«teall with 
reC«roaco co trim followiaa filaroraB wfalch vaXato to 
5 aaibodijMinfcii of the Invention. 

rl9ure 1 1« a soboutia flow ohart of tlie stepa of tbe 
prooesB of one embodinent of the Invention. 

10 Figure 2 is a »ore detailed eohematio flow cbart of a part 
of the prooesa llluatrated in Finura 1. 

ri0iir« 3 l0 a «oh«mitlG flow chart: of a deGond amboaimnt: 
of tihB iwrnlaiL, wliich la a variation on t:ha proGosn 
15 lllUBtratiad in Fiffuira 2. 

Figuxaa 4 and 5 ara araphs ooinparliig aactnctiioxi pB . 
isothaxma of »iai:ala uaincr a ccanparativa axtraction flcr^at:aia 
(rigura 4 J ancl tha axtsraotion ayatiam of ona aubodiaaant; of 
20 tilia iavcHDti^ion (Flfjura 5). 

rigruxro 6 ie a srraph Bhowiag the atrippinff kinetlos of 
aetale fron a loaded oraanio phase frtan the extraction 
syetett of a eeoond eadbodiaent of the invention. 



25 



rigiure 7 ia a graph ahowing the Kxtraetion pK iaotheraia of 
netala from the organic phaee of ay«t«Bi of Figure 6. 

Figure 8 ia a gra]^ ahowrlttg the eictraatiou Jcinetloa of 
30 SMitalB fron the organic phaae of syatem of Figure 6. 

Figure 9 la a graph showing the stripping pB iaothems of 
metals from the orgenie phaae of the ayateni of Figure «. 

35 Figure XO Is a detailed schomatle flow chart of a third 
enbodlnent of the invention. 
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Fl0ur« 11 Is a jrraph BhowLaa tho extraction klnatlcs of 
a«bal. from a ioaoH aolutioa u.liasr a oomparisoa extraction 
syaton. 

5 Fioura 12 la a graph lifaowlng t^m Btri«plna hijomz^am o£ 
MtalK £rom « IcMtOodi oxsnmic phase of a ownparison 
ejctraotiloii systeaiie 



10 



15 



»i««ra 13 1. a oraph ca-par±„u th. «trW»a Wnetic. o£ 
eobalt waiaa two different extraction vyatema to teat for 
cobalt peisoniim-. 

Detailed DeBorlp tioo of the xnyentloiiL 

At tlie core of the present invention ia a eynerviatic 
iBolvent extraction step ifbicli effect, extraction of a 
lar«r« proportion of the nickel, cobalt, copper and sine 
into an organic phase (to the extent that these elements 
are present), with a laxoe proportion of the calcium, 
naonesiua, manganese and chloride beinv rejected to the 
mmanm phase. «he solvent extraction is conducted with a 
oorfiination of carboxirlic acid, a. hafdroxyx«ime synerffist, 
and a kinetic accelerator. 

■ 

25 •the hardrowxime synergist is capable of increasing the pB 
0«P, AoBsn, between ieothems for nickel and cobalt and 
those cor manganese, calcium and masaesium. vhis results 
m advantageous selectivity of nickel and cobalt over the 
impurities manganese, calcium, magnesium and chloride. 

■ 



20 



30 



35 



m»e pHb« value is the pa at which 50% metal extraction is 
achieved, •chas, ApOgp is the difference between the pHso 
values for two metals, or the difference between the pHso 
values for the same metal under different conditions. 



■ 
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« 

aarboxyllc acid ±8 2->«t2iyl heptanolc acid 

(ccxnmarcially availabla as V<ar«atslc 10} or a cat»l<mlc 
5 molianira ext;ract;a&it; Imving «actraot;lon ehajraataristicm 
similar to S^aebyl bopl:anoic acid« Cationic 

aatohaaoigro axtraotanta hava Iqrdroa^kn ion« wSilcli ara 
axchansrad with joatal lomn in tha aiyuaoua aoliitioii. ^a 
tan oairbOKylic acid is uaad In ita broadast aanaa to 

10 raCaxr to asy oarganic carboxylic acid. CarlxaEarlic acida 
hava tlia tcfxmxXm, RCOOH, ia vlsiali R icaprasaata any 
optionally aubatitutad aXlj^hatic osr axramatic group, or 
cokablnaticniB of thaaa ^grof^B, including* optionally 
aubfltitutad allcyl, allcanyl, alkynyl, atyl, or betaroaryl 

15 group* (and coanbinationa tboreof). ]?ra£arably K 

rapraaanta a ralativaly bulky group containing at laaat 4 
carbon atonsr and prafarably batwaan 4 to 18 carbon atoms* 

Slia tarm ^alJcyl^ uaad aitbar alona or in a compound word 
20 ancb aa ^optionally aubatitutad alkyl'^ or ""^ciptionally 

aubatitutad cycloallcyl^ danotaa straight chain branohad or 
aono- or poly-^cycXic allcyif prafarably Cl**30 allcyl or 
cyoloallEyXr moat pxafarabXy C4-18 alJqrl» Bxaaqplaa o£ 
straight chain and branchad alkyX includa matbyl, atbylr 
25 butyl, iaobutyl, tart--batyX, 1,2-dinatbylpros^l, 1- 
iMthylpsntylr S-^inatbylhaaKyl, 4,4«dijnathyXpentyl l,2<^ 
dimatlayXpantyl, l#3'<'diiiiathylpantyl, X,lr2«triiiiatbyXbutyl# 
nonyl, X- 2- or 3*-propylha3cyl, dacyl, a-r 3-# 4-, 5- 

or 6-atbyXoctyX, X-, 3-, 4« or S^prcpyloctylr l-# 2- 

30 or 3-butylhaptyl, 2-hajcyl 2>-iBathyloctyX and the lika. 

Bteaanplas o£ cyclic alkyl include cyclobaxyl, cycloheptyl, 
eyclooctyl, csrolono^l and cyclodacyl and the lika* ^Eha 
alJcyl May optionally be aubatitutad by any non-daXatarioua 
aubatituant * 

35 

Xn this apaeification **optionaXly aubBtitutad"" aiaana that 
a group may or may not ba further substituted with one or 

■t\»usaQS»\1i««p\0SITtP - * m Ca.dflO 37/07/01 
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Imlo, lialoal3cyl, haXoalkasorl* baloalkafi2yl# haloaxyl, 
hydroaiar# atllEOisar# aUcenyloacy, aryloaoTr bensylooiy, 
haloalkoxcirr haloaXkanyloacy, haloaryloxarjr alt:ro, 
5 ixltsroallcyl, nitroalkanyl# ititaroalkyxsylr nitroaxyl, 
zilt:rohat0):ocsyolyl, wntno, allEylaaBino, dialkyXaaulxw, 
allc#aaylaniino^ aXfcyxorlaxKino, aacylfunlxio, diarylauiioo, 
iMJixyXamixiOf dtbenayXantlxio, acsyX, aXkanyXacyXr 
aXkyttyXacyX, aaryXaoyXf acryXamlno, dxacyXaniao^ acyXgoey, 
10 aXlivlsuXplionyXcKKy, aryXauXplimyXosRyr Iwt^rooyolyXr 
l&«t«rocycXaxy f ho t^QTOcycXaDodLno , liaXQli<it:arocycXyX r 
aXfcyXsuXpliiMyX^ aryX«aXp]i«nyX# caxboaXlcoaBy, carboaryXooiy, 
Mrcapto, aXkyXt^hlom benzyXthlo, aeyXtXiip and tha Xiko. 



15 SuitabXa optionaX au]>0tlt:uMtt;a vlXX hm <^hoBmn on tha basia 
tluits t:ba oarboacyllc aetd bava thm daaired aaetractrioix 
Qliaract:erlat:lc«, and thm aubat;ituantss do nol^ xraact; w^th 
any otliar componanl: ot the mlxtura undar tlxa ffivan 
extraal^lon condlt^lona. 



A Ixydrooiyoxijiie la usad aa a aynarglat; wXtli tbe cax-boxyXio 
acid In tiha soXvants aacbraet;ion «t;ap. A hydroxyoxiaia is a 
coBOtpound containing an oxlna group and a Isydroaty group* 

25 FratarabXy, tlia groups ara in an a-positxon tiritb rai^acl^ 
f;o aacb ot;har« Such a-bydroxyoadms ara ohaXalsing# 
^aSiaraas oacizaas ara ganavaXXy non-*GhaXai:lng« Vha *ok1W 
funotionaX group contains a carbon to nitrogan doubXa 
bond, witb tba nitrogw atom baing attachad to an oaxygan 

30 atom. AccordingXy* tba tazm oxima IncXndes wltbln its 

scopa oxlMs with a hydroxy group attacbad to tba nitrogan 
atoa&# and oaciina mt^hmruw aXthougb bydnnlJaa (>C«SI-OK) Is 
pra£arrad* 7ha bydroacyoaclina uay ba a C6^C26 hydroaoroaclna. 
PrefarabXyr tba bydro3icraaciiiia is an aXlpbat;le bydroKyoxiaa • 

35 Pra£arabXy# tba bydro«yoxima is of tba formaXas 
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R' -C CH R** 

HO N OH 

Ixi which R* axia H** aro oach salsctad from an c^t^ionally 
sulMitit:ut;.ed, stralglit chain, bram3h.ed ox- cyclic alkyl, 
group CQsataining £roim 2 t:o 12 carbon atcoui* Profarably 
5 each, at and R" ara unoubstituted alkyl groups, aioat 

prafarably a heptyl group. An CMcaiaiple of ttucb a coanpound: . 
is 5,8'^diet:fayX-7*»taydro3cy^6*dodacanona oxiisa (the aotiire 
coBip onant : ot a coamiarcial agant; LXX 63} • rails has tha 
following struetuxas 

10 

BO-— W OB 



Kinetic acc^leratior 

A klnatlc accttlttraitior la an agcmt: that improvaa tha 
15 ojBtraetlon and/or stripping klnatlcs o£ inatals* Suitable 
3clnatlc acoolaratora ara those that Improve the aactraotlon 
and/or shipping kinetics o£ nickel. Exanplaa o£ kinetic 
accelerators are trl n-butyl phosphate (TBP), 2- 
ethylheacanol, Isodecanol, Isotrldecanol and nonyl phenol. 
20 Any reagent that perfom the function oC increasing the 
rate o£ eactractlon and stripping (preferably of nickel) 
nay bs used as the kinetic accelerator. TBP is the 
preferred kinetic accelerator. 



25 Iisacb solutlQU 

The leach solution subjected to the synergistic solvent 
eactraotion with caLrbo3syllc acid and bydroxyoxime nay be 
any type of leacb solution containing nickel and/or 
cobalt, togsthsr with inpurlty elements selected from one 

30 or nore of calciun, nagnesium, nangansss and chloride. 
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Optloaally toffttt:1ier with coppmx a»d xina« fEb^ leach 
solution mmy £or ln0i:«noe ba « pregnant 1mc1& solution 
ol>talned from tshe prassuxci acid leacliing of any suitable 
ore typet such, as a latexlte or sttlpliide ore* Xt: snay 
5 alt:emat;iv«ily be a aolution txom blo^leacb, atmapbarlc 
acid leach, oxidative leach, reduotl've leach or chloride 
leach proceeeee. ^e eteps involved in producingr euch 
leach solutione are mil known in the art* 

10 The leach aoliition ie preferably a solution that lias been 
subjected to a preliminary iron precipitation Bt^mep to 
precipitate out iron and aluminiun to leave an ao^eous 
leach solution containing the target elements and Isaipurity 
elcaaents identified above* 



15 



g ynergistio solvent extraction conditioxis 



The solvent extraction step involves contact ina an organic 
solvent containing the carbocsylic acid, IsydroxyoKime and 
kinetic accelerator with the (aqrueous) leach solution. 
20 me organic solvent may be any suitable organic solvent 
known in the art. Kerosene Is the most cooonon 
solvent/diluent used for this purpose due to its lew cost 
and availability, ^ellsol 204$ is one specific exoi^ple. 

25 Vhe amount of caxboaorlio acid axtd bydrooiyoxiaie in the 

organic solution used in the solvent eactraction step will 
depend on the concentration of the nickel, ccabalt or both 
to be extracted and the A/O (a<[ueous/ox:ganic) flew rate 
ratio. The concentratiMi would typically be in the range 

30 of from 0^.1 to 2.0 U for carboxylic acid, with a preferred 
range of 0.1 to l.OM, and 0.D5 to 1.0 M for hydr oacyoxime . 

The amount of kinetic accelerator in the organic solution 
used in the extraction step will also vary. The range of 
35 kinetic accelerator will typically be in the range of 0.1 
to 5 with a preferred range of 0.1 to 1.0 M. 
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Preferably, the pB of tb» aqtaeoua phase Is maintained in a 
ranae Cron 5,0 to 6.5 and nore preferably 5.5 to 6.0 in 
the eactractioa a tap. sfae temperature i« preferably 
naintaiuad in the range o£ from ICC to CCC, more 
preferably from 20 to 40«C. Whilst t«npex«t«ree aa low aa 
I0»c are achievable, a temperature lower than I5'c reaults 
i»i hioh viscoaity. At tewraturea higher than CCc there 
is a risk of evaporation and deoradation of the organic 
phouve. 

«»• ewoua to t>r«ranic ratio (A/o) in the extraction atep 
ia noat: preferably l»i, but w lia ia the range fron 10:1 
to Is 10, and preferably I. S to 5*1. She aqueoua to 
organic ratio maintained in the aerubbing atep nay i±, 
within t:he range of fron i,S to Isaoo, but preferably it 
ia in the range of I; 5 to 1*20, 

The nickel and/or cobalt eartracted Into the loaded organic 

in the aynergiatie solvent eactraction is roo«»ered 
in downatream processing stagea. 

8cruM>iiio 

«he organic phase frott the aynergiatie extraction step of 
the invention is suitably aubj acted to scrubbing, •the 
scrub solution may suitably b» a process »tr««» recycled 
from the process, and ia preferably derived fron an 
aqueous streaai of a stripping stage (^oh may be a 
selective -tripping stage) following the scrubbing stage. 
«he scrub solution suitably contains cobalt and sine 
sulphate, optionally with acme nickel and copper. 

S! »covexy of nickel, cobalt or both fron seruKbed organlo 

There are a nu»d»er of options envisaged for the recovery 
of nickel, cobalt or both fron the scrubbed organic 
solution, optlona having particular advantages In 

co«bination with the «y««rgistic solvent entraction stage 
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15 



20 



25 



30 



35 



Pf t]» invwxtioa «ra a«.crib«d b«lo». W«vai:tIwlMs, it Xb 
noted t!l»*fc oth.r option, within tho akili ^ fcnowleelBo of 
tlK>« xn th. art could b. uoad in piae. of th« folloi^laff, 
and nr» wifehlxt th« .eopo o£ the praaont; invention. 

Option 1 ; Selactiva Mfc»r.4| >|^4,.^ 

Accordingr to on« «abodimmt, th« ojfganlc pha»e is 
Bubjoctod to saloctiv. afcrlpping to Mpaxate to a 
slottiricant Mctent th* nlek«l and th« cobalt. Vbm 
••lectiv atrip .uitably involve contactiasr the organic 
pbMum £ron tta« «yn.rgl»tic axtraoticn with an acidic 
•quaoo. »ol«tioa to yi.id (a) a loaded atrip liquor 
ccotaiain„ cobalt (and «inc, if thia «a» praaent in tha 
orsranxc phaaa fronr tha synorffiatic antraction) , and only a 
TOll amount o£ nlckal (and poaalbly copper) , and (b> a 
•alaetivaly -trippad orjyanic aolution contalnin« nickel 
(•nd copper, i* thia wmm praaent in the organic phaae Sram 
the ayaeroiatie extraction) and only a email «nount oif 
cobalt (and poaaibly aiac) , 

The acidic aoueoua aolution «or the aelectlve atrip ia 
suitably aulphuric acid aolution, although other a<^eoua 
acxd aolutiona known in the art (each aa Hydrochloric) loay 
be uaed. Vbm pH ot the acidic uzueoua aolution ia 
auitably in the range of about 3.0 to 4.0, depending en 
the level of aaparation deaired. Meat preferably, the pH 
ia about 3.5. * 

^ ccibination of the deacrlbed aynergl.tic extraction 
with the aelective atxrJj? of cobalt from nickel i. a very 
uaeful conbination, enabling the recovery of nickel and 
crtbalt uaing only one advent extraction circuit (although 
«»ore than one cireult could be uaed if so deaired with 
other proceaa atepa) . Miua. according to one ambodiineat 
of the invention, the proceaa conpriaea a aingle advent 
extraction circuit. 



Hi\>i»Mv\kMp\eanio - win . m ea.an rt/mn* 
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Vtelou- optioBB ara mtn^^^ tor «»e x«covory of nickel, 
Cobolfe 

leadoa atrip liqupr contalaluff cobalt (ajul po«ibly 
.lac) .ay be aubjectad to cobalt praclpitatlon ualng a 
ba«a or aulpblda. Tb» p«oa«ot of thi. .t,«, 1. a mOM 
10 ba^oKlda product (MRP) or «ix.a auljphld. product (mbi., . 
cobalt praclpitatloo la a known ana co««««.±aily vsad 
proeaaa atap la tba inl««ralB Induatry, azid thorafor. tfae 
dataila o£ tbla at0p r«p.lra ao «urtbar dlacuaaioa hara. 

15 Altaraatlvaly, tha loadad atrip ll^or »ay ba raoovarad aa 

cobalt product., cptloaaliy praoadad by coppar/alac 
mnd/or alekal loa axohaaffa. 



aaa atrxppod oraaalc aolution £r«» tha aalactiva atrippiau 
-tap coataiaa alcfcel poaalbly coppar) . if ooppar !» 

praaaat, alekal la a^^aratad £rom tba coppar nalna m 
eultabl. proeaaa ta^ la tba art. Tba followlaa la a 
daacrlptioa of oaa prafarrad aarlaa of .tap. for 
2S raoov«rla0 tba alekal. 

Wm. ornaala aoXutloa f z«. tba aelactlva atrlppiag atap 
(**lcb 1. optloaally .crubbad) 1. subjactad to atrlppla* 
30 riraTvTrT '^^'^ Of a aultabla pa to aaparata 

li^^ '^^"^ "^^y * "«»nt 

of thM coppar. Tbl. loadad atrip li^or »ay tb«i ba 

subjactad to loa axcbaava to ranova coppar, wltb tba 
«lcfcol raportlaa to tba aXuata. Vba aluata ooatalaiug 
nlckal wltb «lal«al iwrltlaa »ay th«a ba racovarad by 
5 a«r aultabla proeaaa »ueh aa alactrowixmiag. D-talla of 
^a aoa axebwa aad alactrowlaalaa ata^aa ara wall fcnowa 
aa tbe art of tthm lavaatlen. 
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jprocMJn BhrmBmm £x<m Hhm «3>ov* Btrngmm ave suitably 
racyclad to mi&iikisa IO00 of vmluaJbla aXeMnCa and 
maximisa prooeas effioianoy. nhm optional aorudbbing o£ 
the oraaiilc solution txrom the aaXeotiva atripping ataga 
auieably iuvolvas tha uaa o£ tAkm nickal (aad coppar) 
oontaining a^uaoua solution (ag auXphata aolution) frcoa 
tha Bubaacxuant atripping ataga* lOia stripping of nickel 
from tbm oirganie aolution laay ba conductad with tha nickal 
spant alactroXyta txom tha nlckal aiaotrowinning atap, 
which containa acid (t^rpicalXy auXphuric acid) and a 
reXativaly low concantration o£ nickal. ^on tha atrippad 
oKganip aolution containing msall aaounta of aiokal (and 
coppar) frcoii thia sacond staga of stripping may ha 
raoyolad to tha axtraction staga to winimiaa loss of 
nickaX. 7inaXly# tha nickaX apant aXactroXyta can ha 
racyeXad to tha nickal atrippdLng ataga^ 



Racovary of nickal and cobalt from purif iad laaoh 
20 solutions by alactroainnlng, pracipitation or any othar 
appropriate procasa, ia bast parfomiad after tha mtals 
hava baan concantratad to axi appropriate laval (of tan of 
tha ordar of $Og/li} • Tha process daacribad above is 
auitabla for concentrating the nickel and cobalt to these 
25 levels. Thia cosapares with the typical concentraticna in 
originating leach solutions^ suc^ as a latarite leach 
solution, of around 1.0 - 4.0g/Xi nickel and 0.1 - 0.4g/Ii 
cobailt* 



30 



35 



Option 2: Second SX circttit vith organophogphlnic acid 
After scrubbing, the scrubbed organic solution can be 
completely stripped to obtain (a) a loaded atrip liquor 
containing nickal and cobalt (and copper and zinc 
isipurities) f and (b) a stripped organic solution. 

The loaded strip liquor thus obtained can be subjected to 
organophoaphinic acid solvent extraction, uaing a suitable 
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oriimophDsplilxiic add much, m Cyw«K 272, TOiis extraction 
Btaftm, and tli0 Idaoatity of orQ-anophoapIiliii.c aclcl»# are as 
daficribadL in oO'^peiotdivig a3»>licatlozL £>CT/ja;0X/01161r t^b.e 
full ditfcloflura of iglhioh ia incorporatecl Xierein by 



Xa the cajsa o£ tlie uae ot Cymnmx 272 g the iMded orgaaotio 
aolutlon £xam the Ctyanex axtraotion »tep containa cobalt 
(axiA ai&e and copper, to the extent they axe prevent) and 

10 only* a aaiall amount o£ nickel. SOie loaded Qyonex organic 
aolution ia acntbbed, and the acnibbed oraanic eol-ution 
containing cobalt (copper and rinc) ia aiibjected to 
atripping with aulphnric acid at an appropriate pH* Vhe 
loaded atrip li<xaor containing cobalt (copper and sine) ia 

15 aiibj acted to ion exchange to remove copper and rinc 

preaent. ^e eluate containing only cobalt can then be 
anbjl acted to electro«rinning/ hydrogen reduction or 
precipitationf aa deaired, to recover the cobalt* 

20 The a<pieoua ra££inate £rom the cyanex extraction stage 
containing nickel may he eubjfected to electrowinning, 
iiydrogen reduction or precipitation to recover the nickel 



25 Detalla o£ preferred features regarding thia option, and 
particularly the recjfoling of proceaa Btreama, will be 
eaplained below with reference to the figurea. 



Other prooepB detaila 



The aynergiatic extraction step of the preaent invention 
may be combined with different preliminary and following 
proceaa atepA for the development of proceaaea anitable 
for the recovery of (copper, ainc,) cobalt and/or nickel 
35 when different impurity elements may be present « 

4 

Zt will be wall uzideratood to peraons skilled in the art 

Hi\aii«Mip\1«Mp\CiiUta *• 99m9 " irl CP.doc 2f/9l/04 
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o£ thm Invration tlmt •cnibbing 0ta0O0 o£ the t2fP«i wall 
lenoim in the art aiay b« uAckl fpr r^oovarlng alwumttt ^van 
1£ tlui aaxubbinff stages aare not opacxtlcaXly nontiQiM»4« 
Villa daaign o£ tlia optiixfum arrangamant o£ ttcrubblag staga* 
5 will dapand on tba apacl£lo aoueoua loacli aolutlon and the 
olamantB daairad to ba reoovaacad tbarafroont (and target 
parcantaga racovaxy lavala) . 

xt la alBO an advantage of tba prasaeat laventloia that 
10 (CQppaar# adnc,} cobalt and/or nickel can ba separated £rom 
loDipuritlea ' contained In leach aolutlons without 
lnte»adlate pxraclpltatlon o£ the cobalt and/or nickel * 
with other inpurlty elementa and re-^leachlng o£ the 
precipitate to aubaegaently enable the renoval o£ the 
15 Ittgpurltlea, Thua, in a preferred omboditttant o£ the 

Inrrentlon, the proceaa doea not Include a precipitation 
step Involving precipitation out o£ the target alaraonts 
and re -leaching o£ the precipitate, 

^e preaent Invention will now be described in further 
detail with reference to the £oilowliig eacanplea and 
proceaa flowchart a which danonatrate the underlying theory 
behind the Invention^ and how the invention la put into 
25 practice* 

Batch iPomt V^ork 

Sxanple 1 * Extraction pH laothema of natal a with 
veraatlc 10 / ZiXX63 aynerglatlc ayatea. 

30 

(Chla eacasiple llluatratea that when Veraatlc 10 la uaed aa 
the aKtractant with no added aynerglat, the pH laothenns 
of the ^valuable'' elements SSn^ Nlr and Co are too cloae to 
the laotharma o£ the ^jjapurlty^ elenenta Bin, Ca and Mg £or 
35 affective aeparation. However when a aynerglatlc ayatasn 
cbaoprlalng Veraatlc 10 and XnXX 63 la uaed, the laothema 
of the ^valuable^ elesanta Cu, Zn, Nl, and Co are 
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ra££lolf0nfcly Mvpaxrctt^d txom thm isotberaui of Mn to allow 
of faci:i.va separation. Furthar, tha laothaxm o£ UUg Ca and 
Hg to alXoir a££actlva itaparatslon. 

5 ThB aixuaouB soXutiosx ma a ayathatlo solution to alanilata 
a typical latarite laacli aolutlon ooatalxxi&g 3 g/Z* V7l, 0*3 
q/Xm Co, 0.2 (T/ti Cu and Zn, 2 g/Xt Mn, 10 g/l» Hg and 0.5 g/Zi 
Ca * 

10 ^a matal aactxaction pH laotbarma wltli tlw 0.5 M Varaatia 
10 (oarbc3«yllc acid) alona wara clataminad and plotted, aa 
uhoim in Fig* 4« matal aactraction pH laothainata ualng 
tba coiibinatlon o£ 0»5 M Varaatic 10 and 0,35 M XrZxea 
(faydroxaroaciitta) wera alao dataxminad and plotted in vLgwce 

15 5. Goonpariaon o£ thm two flgujras rairaala tbat tliia 
oo Bfl bi iM ition o£ XmXX6S with Vavaatic 10 xraaulted in 
aig2ii£icant aynargiatie aactractlon laotlxaim labifta (to 
lowar PH) £ox nicfcal, cobalt, coppar, sine, and juuiganaaa 
and antagouiatic ahifta (to liigliar pB) for oalcium and 

20 magnaaina. Aa abowa in Vigure 5, vitli tt&a 0.5 M Varaatic 

10 / 0,35 IfXX63 ayatan, tba ApHgo valuaa of nielcaX, cobalt, 
coppar, xinc, and aangana«a wara found to be 2.79, 3»50, 
>2.0, 1*99 and 1.17 pB unlta, raapactlvaly. TJtx& ApHsocibi-Mi) 
valua for tba 0«5 H Varaatic ID / 0«35 M J:»XX63 ayataa was 

25 found to ba 1.06 pH unita and tba i^Hso<MB-eo> value 2*53 pH 
unlta, indicating aaay aaparatiqn of nxckal and cobalt 
f roia nanganaaa, calcium and aagnaalum, 

gxamyle 2 - Xxtractico^ kinetics with Varaatic 10 / ZiXX€3 
30 synarglatic ayatam. 

^!h±» axanple illuatrataa that whan the aynargiatie syateaa 
coiQprlaing VarBatlc 10 and XmJX 63 la uaad, Cu, Co, Zn and 
Mn dlaplay fast aactractlon Xcinatlca, while the extraction 
3S fclnatlca for Hi are alow. Hence thia syatani, without 

modification, la vuitable for Cu, Co, Zn and Ka recovery 
but not particularly suited for Nl recovery* 
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(Fe«t0 mro co»4ttot«Ml 1:0 ostabli^b tbm extraction leiii«itio0 
of the xoetaXe in tbe »yntlMitic Xatarite solution uslna 
Van&tle lO/XiXX63. *&!h« rMults are illustrated in Figure 
11 • Tbm extraction kinetics of copper, cobalt and seim 
and manganese mre found to be fast and tbe extraction 
JCinetics of nickel were found to be relatively slow, 
Within 30 seconds r only $4.6^ Htl was extracted and within 
10 minutes 85*5%, . 

Kxample 3 - Strippiniy kinetics wltb Versatic 10 / C»XX63 
synergistic system* 

Vbis exantple illustrates that vhen tbe synergistic system 
15 comprising versatic 10 and dXX 63 is used, Cu, Co« Zn and 
Mn display fast strin»lng kinetics^ wbile tbe stripping 
kinetics for Ni are sloir. Hence tbis system is 
potentially suitable for Cu# Co, Zn and Un recovery wben 
the leacb solution contains little aii. 

20 

Vests were conducted to determine tbe stripping kinetics 
of the metals from the 0.5 M Versatic 10 / 0*35 M 1jXX03 
system. !rhe results are illustrated in Figure 12* Tfhe 
stripping kinetics of copper, cobalt and sine were fast. 
25 ^Che stripping kinetics of nickel were slow, with 17 .79^ Ni 
stripped in 2 minutes mA 31,8% in 5 minntes. Im pr ovements 
in the stripping kinetics are demonstrated below (Example 
5) when the kinetic accelerator TBP is used in combination 
with the carboxylic acid and hydroacyoxlme* 

30 

iftEMPla 4 ^ Stripping of cobalt from l43:X63 alone and 
Versatic 10 / XjiXX63 systems. 

Cobalt { XX) can poison hyAroxyoxime reagents such as 341X63* 
35 lOULs means that once cobalt (xx) is extracted by 
hydroiqroxiiDe reagents, it cannot be stripped with 
concentrated acids because it oxidises to cobalt ( XXX )« 

]Cs>si»»«»pMM*p\Cj»no « ^99733 • Jfl Ca.doQ 37/07/114 
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^Mtis mir0 eoaduot;fiid to mw iirhimthmx the nmr aystm rcisultfi 
in cobalts polnoaizLgr. 

P«Lr«.ll«kl t^sta wwe conducted witli 0.35 M IiXX63 alone and 
5 0.5 H Veraatie 10 / 0.3& M lfXX63 symzma by mixijig the 

organic Aolutions %rith aqueous eoXutloa containing cobalt, 
The organic and a^eoua eolutiona were left in contact 
with air bubbling £or 7^ hours. Thereafter # a eulphuric 
acid eolation ot 100 g/1 euXpharic acid wae need to etrlp 

10 cobalt from the organic eolution. ^e reeulte o£ the 

teetfl are illuetrated in Figure 13 The cobalt stripping 
efficiency from the 0^35 H IiIXSS alone eyetem waa cmly 
29»2\. T^e cobalt etripping efficiency for the 0.5 M 
Veraatic 10 / 0*35 K 10X53 aysten waa 99.5^* This 

15 ixidicates th&t cobalt (IX> does not poiaon the Verflatic 10 
/ 3CiXX63 eyatem. 

« 

Bxample 5 ^ Stripping fcinetica with Veraatic 10 . / X<ZX63 / 
kinetic accelerator ayaten* 

20 

This eaounple illuatratea that the Inolueion of a kinetic « 
accelerator in thie tuctraction syatem overcomes the alow 
nickel extraction kinetica, 

25 Bauonple 3 waa repeated with the 0.5 M Vereatic XOt 0.35 ts 
liIX63 and 0.5M TBP ityatem. The stripping reaults are 
illustrated in Figure Xn 2 ittinutea, whereas Bxaagc»le 3 
resulted in stripping of only 17 » 7^ of nickel # this 
increased to 9X»B% wh«ui the extractant system included .a 

30 kinetic accelerator TBB* Moreover^ as demonstrated in 

Example 6, the addition of TBP to the Versatic 10 / ZrXX63 
system had no adverse effect on the aelectivity of nickel 
and cobalt over manganese* ^Jfbm tests were repeated using 
isotridecanol aa the kinetic accelerator, and similar 

35 result a were achieved. 

Bxample 6 - SMkraction pB isotherms with Versatic 10 / 
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IiZX63 / kinetic acoelerator syatui» 

* 

* 

accelerator doetf aot: 4dv«rA«Xy lispaot on tlia ability of 
5 thm ByMtwrn to oxbract xilclc^l axid coibalt from wmsrawege^ 

^ffbm axtractioa pB Ittotluinui w«r« detonlmd for the 
VersAtic 10 / hXX6^ / TBP syetm uiSI tbese are flliom in 
rijfiruire 7. 3!3ie adiditioa of TBB to the Vereatic 10 / x»rx.€Z 

10 eyetem resulted in lajrsre ant agonist ic ahifte for Mi, Co, 
Zn and Hn*. IMae ^Kso ebif ta for Ni, Co, SSn and Mh were ^ 
0*63r --1.71, •'l.dS and -1.2B, reepeotively , However, the 
ApHsowii-m) Add ito%o<ito^cQ) valuea were atill areater than 2 pH 
unite. OOiid indicatea that the addition of TSS" to the 

15 Veraatic 10 / Z^XX63 ayaten had no adverse effect on the 
aeleotivity of niokel and cobalt over mangnneae , Zn 
addition, the cobalt pB iaotherm waa shifted at the risrht 
of nickel, mklnir the selective stripping of cobalt 
practical • 



20 



Exaagple 7 Bxtraction kinetica with Veraatic 10 / XiZX63 / 
JdLnetie accelerator ayatem. 



Vhis mempXm illustrates the fast extraction kinetics of 
25 the three component system* 

Tbm eaetraction kinetics of the atetala in the synthetic 
laterite leach solution using the 0«5 xa Versatic 10 / 0,35 
M £iXX63 / 0*5 M ISP system ifere deteniined and graphed in 
30 Figure 8, As. shown, the eaetraction kinetics of Hi, Co, Cu, 
asn and Hn were fast* Within 2 minutes, the nickel 
extraction reached 95^2%, which was fast enough for 
Industrial operations. 

Bgaaple 8 Strlx>ping pH isotherms • 

Tests were conducted to determine the pH rexxui^^ed to strip 

Hi\atuHlW»\JUMp\CeiltQ • M3'>39 - 111 CO.iSbg ftt^tfl/Ot 
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t;lie iMtals from tlui loadvA orfynnic 8y8t;eni», and tlui 
r««ttlt:0 wm dMoxwerM^d in rigure Bm At pU 3*50, more 
tliau 94^ Co and o&ly 3 #6^ Hi could be 0i:£'&pp«d, indicating 
tZtat cobalt can be jieparated from nickel by Belectlva 
stripping, !3rberator«y it vaa deteacinlned that only one 0X 
circuit reciuired to aepurate nicJsel and cobalt from fita# 
Ca and M^or and aleo to separate nickel and cobalt from eacb 
otber. 



10 PjrocMM JrJowabuTtB 

gxanple 9 - Prooesa for separation and recovery o£ cobalt 
and nickel £ran leacb solution. 

Based on the above findings r a new PSX process flowsheet 
15 was formulated. Tiim flowsheet is shown in yigures 1 -and 
2. By using the Versatic 10 / XiXX63 synergistic systemr a 
kinetic aocelerator TOP and a selective atrlpping 
strategy, three goals are ac^eved in one flX circuit: the 
separation of nickel and cobalt from manganese, magnesiux«r 
20 calcluai and chloride, the swsvation of cobalt from nickel 
and the concentration of cobalt and nickel. 

As shown in 7igure 1# a nickel and cobalt containing ore, 
25 Buch as a laterite ore, is subjected to pressure acid 

leaching Ia accordance with standard procedures known in 
the art* 



Ueutralisati on 

3 0 The leach solution is subjected to neutralisation with 

limestone at pH 4,5 5.0 to precipitate isnpurity elements 
7e(XXX), Al, Bl and Or, 

Synergistic solv'ent extraction (SX) 
35 vhe samesrgistic solirent extraction and following stages 

Bxp represented briefly in 7igure 1, ijuod are expanded upon 
in Pigure 2, nhe pregnant leach solution (PXiS) from the 
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nttttfcralljaatioa or iron pr«ioiplt&t:lon mt^mp xb jsiul^jacikiva to 
tbo 0yn«3rgdL8l:ic solv«ttl: eactxaction (SX) 9tep» Xn tshis 
«t:fip an orffanic ttolutiion o£ a oarboxarlio add (Voraatslc XO 
acid) ajod a hydxoxaroacixfto (5, 6«-di«tUiyl^7*«l3i(ydrc3x;y-6«- 
5 dodeoanona oxima - (XiXX63)}, and a Jciaatie accelarator, 
trlbubyl phoaphata imv) , in organic dUuant ShaXXsol 2046 
i0 contacted witb tha wtiB to obtain (a) an aqpaiaoup 
raf£inata containing alnoat all tba mancranaiiKo, maneaiumtf 
ealclniB and chlorida and (b) a loaded orflraaic solution 
10 eontainingr aliaost alX tba nickal, cobaXtp coppar, zinc and 
a tnary mM\ll aMount o£ manffanaaa* 

0oruU>in0 (dCl) 

Tha crsranic solution £rom tba aactraotion stop is aubj acted 
15 to acrubbinir X using a cobalt and ^sino auXpbata volution 
containing a raall avount o£ nic3cal and copper £rom the 
naHt atep, stripping 1, resulting in (a) a scrubbed 
organic solution containing nic3ceX, copper, cobalt and 
sine and (b) a loaded scrub liquor containing mainly 
20 xnanganaaer and small aaK>unts of cobalt, sine nicJcel and 
copper # ^icb is recycled to tba extraction step* 

0elective stripping (STl) 

vbe scrubbed organic solution is subjected to stripping 1 
25 (selective strip) using a sulphuric acid solution^ 

resulting in (a) a loaded strip liqtuor containing cobalt 
and sine and a small amount ot nicleel and copper and (b) a 
stripped organic solution containing mainly nicXel and 
cKasi^er and a very small amount o£ cobalt and sine* 

30 

Scrubbing (SC2) 

^e organic solution from stripping 1 is subjected to 
scacubbing 2 using a nicfcel and coffer sulphate solution 
from the next step, striH>iog 2, resulting in (a) a 
35 scrubbed organic solution containing nic3cel and copper and 
(b) a loaded scxrub liquor containing cobalt, sdLnc and seme 
nickel and copper which is recycled to the extraction 
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a nicfeal spttnt sX^ctrolyt;* £xom the nlokel 
•leotr<«rixm±»a »tep eontai,^ «.lpImrlo aold «»d a 

-t:rlp ll^r containing « conc^tratioa of 

o«r«aic aolution containing a vary ««all a«o„nt of niok.1 
^ ^I*ar, Which i. to tha attraction atap. 

Ion B«!hanff9 (IX) ana Blactrowinnin^ (bw) 

loa^ .trip ii^ -trippina 2 ia auhjectad to 

« 1cm axchaxiffo atap to ra»u>va cpppar and tha ol«a*. fro» 
tha ion ajcchanve atap is aubdcctad to nicfcal 
al^tr«rinni„a, xmm^lti^ in a hiBh-grad. nickol B«tal 

coppar ion aKchanaa and nicltal al«,t«>»inniag 
«a^ta«« proca..- and co««a«,iaily uaad in tha «»in-r.la 

Cobalt praclpitation (PWP) 

Tt"' """^ -tripping a i. oubiactad to 

aaiiabla producta mixad hydro«ida product (Mav) or »ixad 

auiphida product (hsh) . Vbm cobalt pracipitation Lm a 

knoim procasa and coa.»rciallar Vaad i« tha »i»aral« 
induatxy. «*«-=mxa 

MMoxmla 10 - vtariatimx em vror-mam 



Pura cobalt producta can b« obtainad £xc« tha loadad 
liquor fron atrip i uaina ion a^hanaa to ra-ov. coppar. 



35 



^^'^'^ ^™ -i^rippina 1 Caoiactiva .trip) 
in tha ax cxrouit i. aubjactad to an ion «whan». .fp. 
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Mfittlt;!!!!! in (a) an •Xii«ttt liquor coal:«in±3ii7 cobalt and a 
mall anount of nlcJcal, an/d (b) a wavta solution 
coatalaingr copper and sdLnc £or di^poaal* la a known 

procesitf and connrarclally used in tlie mlnorala industry, 
5 Tho ra£f inata liquor la aubjactad to anot2ier Ion exchanga 
0tep« raaultixia in (a> a daaocptlon aolutlon oontaininir 
niclcal and a snail amount ot cobalt, wblcb. Is recyclad to 
tba oKtractlon stap, and (b) a puro cobalt solution whicsh 
is subdfactad to a cobalt raco^ary at«p# tAaro cobalt 
10 cathodas can ba c^tainad by alactrowixmlnff or a variety o£ 
cobalt cbanBloal producta by pracipltation as raqulrad. 
Thmmn ara Icnom procaasas and commarolally used In tbe 
minerals Industry* 

15 Exajppla 11 - Second -variation on tbe Process o£ Bxample 9 

Acoordinsr to this variation, a aecond solvent extraotlon 
circuit is used to sitparate nlclcel and cobalt witb cyanaac 
272 in a diluent sucb as fibellaol 2046. IClsils process is 
20 represented in a flowchart in Vigrure 10, 

After acrul^ing (SCI from Figure 2>, the scrubbed organic 
is subjected to a atripplnc step uslno tbe spent 
electrolyte froaa nlCkel electroicLmilng step to obtain (a) 
25 a loaded strip liquor containing nickel, cobalt, copper 
and sine and (b) a stripped organic solution %dilcb Is 
recycled to the extraction atep, 

loaded strip liquor la subjected to .an eaetractlon atap 
30 ujsing Cyanex 272 to obtain (a) a r&fflnate solution 

containing tmXy nickel and (b) a loaded orgazLic solution 
containing cobalt, sine, copper and a siaall amount of 
nlclcel m 

35 Vhm loaded Cyanex 272 organic solution is subjected to 

scrubbing with a scrub solution from the next mt^xi;p»ix»g[ 
step, resulting in (a) a loaded scrub liquor containing 
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nickel and mcmm cobalt, sine uad epppvr wHloli ia recycled 
to the extraetloa «md (b> a >cnibb«d organic 

solution aontalning cobalt, copper and atinc. 

Vbm acrabto^a Cymnmn 373 organic solution !• aubiected to « 
•trippini, atep with aulphuric acid, reaultina in a loaded 
•trip liQuor containing cobalt, .inc and copper, and a 
•tripped organic solution wfaich ia recycled for 



25 



Wie loaded atrip liquor i. aubjected to an ion excbange 
•tep to reaove copper and. aino, resulting in (a) an eluate 
•olution containing only cobalt and a waste solution 
containing copper and sine for disposal. 

^ pure cobalt sulphate solution could be subjected to 
(a) eleotrowinning to obtain cobalt cathodes, or (b) 
precipitation with a basa to obtain oebalt hydroxide, or 
with hydrogen sulphide to obtain cobalt suli»hide, or with 
a carbonnta solution to obtain cobalt carbonate. 

It will be understood to persons skilled in the art o£ the 
invention that aany aiodifications may be aiade without 
43^Pwtlng froB the spirit and scope of the invention. 
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